Nutrient composition, particularly the omega-6/omega-3 polyunsaturated fatty acids ratio, may differently affect inflammatory mediators production in tissues, which could be causally related to increased cancer incidence in obesity. We evaluated prostaglandin E, levels in male Wistar rat prostate, kidney and testicle tissues after 15 days of either a high fat, cafeteria-style diet (5.50 Kcal/g, 30% calories from fat, omega-6/omega-3 ratio 2.33) or a standard laboratory chow diet (3.35 Kcal/g, 3% calories from fat, omega-6/omega-3 ratio 0.56). In the cafeteria diet compared to standard laboratory diet rats, we found both an increase in weight gain and increased prostaglandin E, (PGE z ) levels in prostate, kidney and testicle tissues. The increased levels of PGE z induced by the cafeteria diet could drive an inflammatory process leading to increased incidence of prostate, kidney and testicular cancer in overweight patients.
It is well established that obesity and overfeeding are risk factors for several types of cancers, including prostate cancer (PC) and kidney cancer (KC) (1). Chronic inflammation has been linked to the development of cancer in many organs (2) and obesity is characterized by the activation ofa systemic inflammatory process, as evidenced by an increase in circulating levels of inflammatory mediators, among which prostaglandins (PGs) could play a role in obesity-associated cancers (3) . Increased dietary fats have been linked to the obesity epidemic, both for their high caloric content and for their role in the inflammatory processes. Polyunsaturated fatty acids (PUFAs) playa proinflammatory role, since, through the cyclooxygenase (COX) enzymes, they generate series-2 PGs, of which PGE 2 is one of the main inflammatory mediators. PGE 2 is involved in the promotion of tumor growth and metastases through various mechanisms, including cell proliferation, inhibition of apoptosis, angiogenesis, and invasion (4) . PGE 2 is the most abundant prostaglandin that is found in various human malignancies, including colon, lung, and breast cancer, and is often associated with a poor prognosis (5) (6) (7) . On the other hand, omega-3 PUFAs have generally been regarded as protective in the inflammatory process (8), partially because through COX enzymes they generate series-3 PGs, which are less inflammatory than series-2 PGs (9). The omega-6/omega-3 PUFA ratio is higher in the typical Western diet, and omega-3 PUFA supplements appear protective in a wide range of degenerative diseases, including cancer (10) .
Increased levels of PGE 2 have been found in malignant human prostate cancer and in carcinogen-induced rat and mouse prostate cancer (7) . The COX-2 isoform is overexpressed in prostate cancer, and increased mRNA and protein levels of COX-2 have been reported in malignant as compared to benign prostate tissue (II). Total dietary fatty acid intake has been directly associated with increased risk of prostate cancer morbidity and mortality (12) . Several studies indicate that low fat diets high in omega-3 fatty acids may reduce the development and progression of prostate cancer, and that high fat diets rich in omega-6 fatty acids, particularly linolenic acid (LA), may promote the growth of prostate cancer cells, through increased production of inflammatory mediators such as prostaglandins and leukotrienes (13) . Increasing evidence suggests that obesity is a potentially important contributor to the development of chronic kidney disease. The adipose tissue is an active production site of various inflammatory cytokines, responsible for enhanced levels of inflammation and oxidative stress with detrimental renal effects (14) . Obesity and hypertension have been implicated as risk factors for the development of kidney cancer (15) . There are several epidemiological reports suggesting high-caloric nutrition plays a role in testicular cancer pathogenesis and it has been demonstrated that testicular cancer incidence is related to fat intake. Considering the role played by PGE z as a mediator of inflammatory processes, possibly linking obesity and cancer, the aim of this study is to evaluate the effects of feeding for 15 days either a high fat, cafeteria (CAF)-style diet (5.50 Kcallg, 30% calories from fat, omega-6/omega-3 ratio 2.33) or a standard laboratory chow diet (3.35 Kcallg, 3% calories from fat, omega-6/omega-3 ratio 0.56) on PGE z production. In our study we focused particularly on reproductive and urinary tissue PGE z production, such as in prostate, testicle, and kidney, in the rat.
MATERIALS AND METHODS
Male three-month-old SPF Wistar rats (200-250 g) (Harlan, Corezzano, Milano, Italy) were housed in Plexiglas cages (40 cm x 25 em x 15 em), one rat per cage, in climatized colony rooms (22 ± 1°C; 60% humidity), on a 12/12 h light/dark cycle (light phase: 07:00-19:00). Housing conditions and experimental procedures were strictly in accordance with the European Community ethics regulation on the care of animals for scientific research and the local Ethics Committee (prot. N. 2913, 17.09.2003) . After one week of acclimatization, rats (n = 32) were randomized to standard laboratory chow diet (STD) (n = 16) or cafeteria (CAF) diet (n = 16) for 15 days. STD diet rats were fed laboratory chow in pellets (Altromin-MT); CAF diet rats were fed, in addition to the standard chow as above, cafeteria-style food (in separate troughs)
, which included chips ofparmesan cheese, potato chips, roasted hazelnuts, cookies, curls of salt butter and bits of torrone chocolate. Detailed macronutrient and fatty acid composition is shown in Table I . Rat weights were recorded at the beginning and at the end ofthe study. After 15 days, the rats were sacrificed by decapitation under ether anesthesia, and prostate, kidney, and testis were dissected and washed in saline. Fragments of prostate, kidney and testis, were then incubated in 1 ml Krebs-Ringer buffer at 37°C for I h under continuous agitation; the incubation buffer was lyophilized, and resuspended in 0.25 mL radioimmunoassay buffer to evaluate PGE z levels (16) . PGE z levels in the incubation medium were normalized to tissue weight in mg. Sensitivity of the assay was 2 pglmL; ED so was 20 pglmL.
Data are reported as means ± S.E.M. and analyzed by Student's t test. P<0.05 was considered statistically significant.
RESULTS
The average food intake per rat per day was 28.32 ± 0.46 g (94.87 ± 1.54 Kcal) in STD rats vs 36.97* ± 1.01 g (203.34* ± 5.56 Kcal) in CAF rats (*P<O.OOO I). As expected, CAF diet significantly increased body weight in respect to STD diet (Fig.  I) , but prostate, kidney and testis weights were found not significantly different between CAF and STD groups (Table II) . On the other hand, we found significantly higher PGE z levels in prostate, kidney and testicle tissues of rats fed CAF diet compared to rats fed STD diet (Fig. 2) ; particularly in the kidney, we found a more than 2-fold increase in PGE z levels in CAF diet rats compared to STD diet rats.
DISCUSSION
Both genetic and environmental factors underly the present-time obesity epidemic. Amongst environmental factors, hypercaloric-hyperlipidic diet plays a key role, both for the quantitative effect of surplus energy intake and for the pathogenic role played by increased free fatty acids available lot. J. ImmuoopathoJ. Pharmacol. from dietary triglycerides. Our data confirm an increased body weight gain in rats fed a CAF diet compared to an STO diet (Fig. 1) . Obesity induced by cafeteria diet is associated with higher concentrations of plasma leptin, an adipokine which plays a key role in the regulation of food intake and energy homeostasis (17) , and leptin stimulates PGE 2 production in neonatal rat hypothalamus (18) . The findings that PGE 2 levels were significantly higher in prostate, renal, and testicle tissues (Fig.  2) after CAF diet point to increased inflammatory stress in tissues after hypercaloric-hyperlipidic diet. Chronic inflammation affects several crucial pathways involved in cellular homeostasis and cancer (19) and increased biosynthesis of PGE 2 could play a pivotal role in both inflammation and carcinogenesis (20) . With regard to prostate cancer, a number of studies have shown that COX-2 levels increase in prostatic intraepithelial neoplasia (PIN) relative to benign prostate tissue (13) (14) . COX-2 likely exerts proliferative, antiapoptotic, and angiogenic effects through mechanisms involving PGE 2 (21) . Furthermore, COX-2 is inducible by a variety of inflammatory stimuli, including PGE 2 itself (22) . Increased expression of COX-2/PGE 2 in PIN contributes to prostate cancer development and progression via activation of the IL-6 signalling pathway (23) . Increased levels ofPGE 2 were observed in malignant human prostate cancer, compared with benign counterparts, and in carcinogen-induced rat and mouse prostate cancer (7) . It has been reported that the rate of PGE 2 conversion from arachidonic acid is almost lO-fold higher in malignant prostatic tissue than in benign prostatic tissue (24) . Increased (25) . The present findings of increased PGE 2 levels in prostate tissue after CAF diet further suggest dietary intervention trials with favourable omega-6/omega-3 fatty acid ratios to decrease tissue PGE 2 levels and prevent prostate cancer (26) .
Increasing evidence suggests that overweight and obesity also contribute to the development of kidney cancer (15) . In vitro experiments have demonstrated that COX-2 is overexpressed in some renal cell carcinoma (RCC) cell lines (27) . Mungan et al. (28) found an increased expression ofCOX-2 in RCC and renal intraepithelial neoplasia, a biological precursor of at least some RCCs, compared to normal kidney tissue and chronic pyelonephritis. The levels ofPGE 2 in RCC cell line have been shown to be decreased by docosahexaenoic acid, a 3-series fatty acid, which could reduce invasiveness through inhibited metallo-endopeptidase activity (29) . RCC induces interleukin-l O and PGE 2 production by monocytes (30) . More markedly than in prostate cancer, we found more than 2-fold higher levels of PGE 2 in rat renal tissue after cafeteria diet in respect to standard diet, which could be related to the increased risk of kidney cancer observed in obese patients.
Testicular cancer accounts for only 1% of all malignancies in males, but it represents the most common type of cancer between age 15 and 35 years. Nutritional factors have been associated with the etiology of testicular cancer (31) . Several studies indicate that in the testis prostanoids, in particular PGE 2 , regulate Leydig cell and Sertoli cell functions, immune reactions and the vasculature, with direct or indirect effects on spermatogenesis (32) . Moreover, COX-2 is expressed constitutively in the adult rat testis, and endogenous production of PGE 2 by the testis can be attributed to COX-2, rather than COX-I (33) . COX-I, COX-2 and lipoxygenase are reported to be only slightly expressed in normal testicular tissue, but markedly expressed in testicular cancer (34) . An association between increased body mass index and germinal cell cancer has been observed in patients under 30 years of age, but not in older age groups (35) . Although there are no data on testicular cancer and PGs, the present findings of increased PGE 2 levels in testicular tissue after cafeteria diet could be related to the association of increased body mass index and germinal cell cancer in younger patients.
In conclusion, we have shown that a cafeteria diet, with a high ratio of omega-6 to omega-3 polyunsaturated fatty acids increases PGE 2 levels in prostate, renal and testicular tissue, possibly through increased availability of arachidonic acid which is substrate of cyclooxygenase enzymes. This could be related to the increased incidence of prostate, kidney and testicular cancers in overweight patients.
